Femtosecond near-infrared laser pulses as a versatile non-invasive tool for intra-tissue nanoprocessing in plants without compromising viability.
In this report, we describe a highly reproducible femtosecond near-infrared (NIR) laser-based nanoprocessing technique that can be used both for non-invasive intra-tissue nanodissection of plant cell walls as well as selective destruction of a single plastid or part thereof without compromising the viability of the cells. The ultra-precise intra-tissue nanoprocessing is achieved by the generation of high light intensity (10(12)W cm(-2)) by diffraction-limited focusing of the radiation of an NIR (lambda = 740 and 800 nm) femtosecond titanium-sapphire laser to a sub-femtolitre volume and subsequent highly localized instantaneous plasma formation. Following nanosurgery, electron microscopical analysis of the corresponding cellular target areas revealed clean non-staggering lesions across the cell wall with a cut width measuring less than 400 nm. To our knowledge, this is the smallest cut made non-invasively within a plant tissue. Further evidence, including two-photon imaging of chlorophyll fluorescence, revealed that a single target chloroplast or part thereof can be completely knocked out using intense ultra-fast NIR pulses without any visible deleterious effect on the adjacent plastids. The vitality of the cells after nanoprocessing has been ascertained by exclusion of propidium iodide from the cells as well as by the presence of cytoplasmic streaming. The potential applications of this technical advance include developmental biology applications, particularly studies addressing spatio-temporal control of ontogenetic events and cell-cell interactions, and gravitational biology applications.